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Engineering Solutions of Sandia LLC, a wholly owned subsidiary of Honeywell International Inc. for the U.S.
Department of Energy's National Nuclear Security Administration under contract DE-NA0003525.
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This paper describes objective technical results and analysis. Any subjective views or opinions that might be expressed
in the paper do not necessarily represent the views of the U.S. Department of Energy or the United States Government.
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Challenge: Separating similar sizes

lon-ligand distance ...
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Challenge: Free energy of translocation

T'm

I

4- Pore

• Keys: specific pore size, chemistry, ligand number?
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Challenge: Free energy of hydration
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Na-water clusters

(a) n = 1 (b) n = 2

• 111-4,
416-4.

(c)n = 3

•

4,

(e) n = 4+1 (f) n = 4+2

•
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Density functionals tested

e- correlation

06/77.0

exchange
e- delocalization

• Generalized gradient approx. (PBEPBE)

• Hybrid GGA (B98, B3LYP)

• Dispersion-corrected hybrid GGA (B97 D)

• Range-separated GGA (LC-PBE, CAM-B3LYP, co B97X)

• Combined range separation & dispersion corrected (co1397X D)
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Cluster formation energies

B3LYP

CAM-B3LYP

B97-D

..B97X

B98

PBEPBE

CCSD(T)

Na+ + nH20 = Na(1-120)n
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Cluster enthalpies

CCSD MAE(4)

Tissandier

MAE(4) MAE(6,ss)

B3LYP 3 (1) 1 (1) (1)

CAM-B3LYP s (2) 2 (1) 3 (2)

B97-D 2 (1) 2 (1) 2 (1)

wB97X 2 (1) 2 (1) 2 (1)

wB97X-D 1 (1) 3 (1) 2 (1)

B98 2 (1) 2 (1) (i)

PBEPBE 2 (1) 2 (0.4) 2 (1)

LC-coPBE 2 (1) (1) (i)

CCSD 4 (0.5)

aUnits are kcal/mol.
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Cluster free energies

CCSD MAE(4)

Tissandier

MAE(4) MAE(6,ss)

B3LYP 2(1) 2(1) 4(3)

CAM-B3LYP (2) 1 (0.4) 1 (1)

B97-D 2(1) 2(1) 3(3)

co1397X 2(1) 2(0.4) 3(1)

coB97X-D 1 (0.4) 4(1) (2)

B98 2(1) 2(1) 4(3)

PBEPBE 2(1) 2(1) 4(2)

LC-coPBE 2(1) 2(1) 3(3)

CCSD 4(1)

"Units are kcal/mol.
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lon-induced dipoles
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Challenge: Free energy of hydration

Polarizable Continuum Polarizable Continuum
Gas-phase D FT
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Free energies: DFT + PCM
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Ann. Rev. Chem. (20 I 9, in prep.)

Best functionals for Na+
enthalpy & free energy:

CAM-B3LYP, B3LYP,
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Questions?

Balloon fiesta, Albuquerque Sandia
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lon-water interactions dominate

Table 2. Decomposition of the Binding Energy of the Na'•
(H20)4 Clustera

method (EiW) (E„) (E,„) (E„,) remainder total AE

B3LYP -25.2 1.6 1.5 -0.2 5.8 -77.2

CAM-B3LYP -26.1 1.6 1.6 -0.1 4.8 -80.8

B97-D -24.8 1.3 1.6 -0.1 5.1 -77.1

toB97X -24.7 1.5 1.4 -0.1 5.6 -76.2

coB97X-D -24.4 1.5 1.4 -0.1 5.8 -74.8

B98 -25.0 1.4 1.6 -0.1 5.4 -77.0

PBEPBE -24.8 1.3 1.7 -0.1 5.2 -76.4

LC-wPBE -25.2 1.6 1.5 -0.2 6.2 -76.8

CCSD -24.4 1.3 1.4 -0.1 8.5 -73.8

CCSD(T) -24.2 1.2 1.4 -0.1 8.3 -73.3
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